Analysis of Kinetically Distinguished Synaptic Subtypes in Hippocampal Neurons  by Henkel, Andreas W.
Sunday, February 8, 2015 101adepressed patients exhibit elevated catecholamine levels, perhaps suggesting
common molecular targets or mechanisms. The serotonin transporter (SERT)
mediates reuptake of serotonin (5HT) and is an important target for anti-
depressants. Notably, SERT is prominently expressed in adrenal chromaffin
cells and 5HT co-localizes with epinephrine in chromaffin granules. However,
the effects of 5HT/ SERT on chromaffin cell function remain unclear. Our data
show that one role of SERT is to accumulate 5HT in chromaffin cells. The 5HT
content of whole adrenal glands isolated from SERT knockout mice was
reduced by ~80% compared to wild-type littermates, but catecholamine content
(~1000 fold higher than 5HT) was unaltered. We used carbon fiber amperom-
etry to investigate the regulation of stimulus-secretion coupling by 5HT/ SERT.
Cells were isolated from wild-type or SERT knockout mice, secretion evoked
by 30mM KCl, and the number of amperometric spikes (vesicular fusion
events) over 60s was quantified. Under control conditions (no 5HT) there
was no difference in the number of spikes in wild-type Vs SERT knockout
cells. However, extracellular 5HT (25nM-1mM) significantly reduced secretion
in SERT knockout compared to wild-type cells. Similarly, when SERT was
acutely blocked in wild-type cells using escitalopram (1mM), 5HT inhibited
secretion. Escitalopram alone (no 5HT) had no effect, while 5HT alone
produced a slight increase in secretion, although this was not statistically sig-
nificant. Patch clamp experiments demonstrated that neither 5HT nor escitalo-
pram altered Ca2þ entry through voltage-gated calcium channels. Ongoing
work will dissect the mechanisms underlying this complex regulation of chro-
maffin cells by 5HT/ SERT.
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Mutations in TRPML1 cause the lysosomal storage disease (LSD) Mucolipido-
sis type IV (MLIV), which is characterized by neurodegeneration, muscular
hypotonia corneal opacity, achlorhydia, anemia and severe psychomotor defi-
ciency with impaired neuromuscular junctions. The role of the TRP channel
TRPML1 in cell function and how mutations in TRPML1 cause MLIV are
not well understood. Studies on the causes of MLIV are focused on the potential
role of TRPML1 in constitutive membrane trafficking to and from the lyso-
somes. However, the role of TRPML1 in secretory cells that their cardinal func-
tion is regulated exocytosis has not been studied. Here, we analyzed several
forms of regulated exocytosis in neurons and secretory epithelia in a knockout
mouse model of TRPML1 and, unexpectedly, found excessive exocytosis due
to marked enlargement of synaptic vesicles and secretory granules due to fusion
with lysosomes. As a result, Trpml1/ neurons maintain high basal and stim-
ulated exocytosis of the neurotransmitter and neurotoxin glutamate, which may
account for the neurodegeneration in ML4. Trpml1/ pancreatic and salivary
glands acini show high Ca2þ and cAMP-stimulated exocytosis, resulting in
pancreatitis. These features were not found in another model of LSD, the
Niemann-Pick disease type C1 mouse model. These findings indicate that a
major role of TRPML1 is to guard against pathological fusion of lysosomes
with other intracellular organelles, including secretory vesicles, and suggest a
new approach towards developing treatment for MLIV.
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Transient receptor potential (TRP) proteins are non-selective cation channel
proteins that are expressed throughout the body. Previous studies show that
TRP Vanilloid 1 (TRPV1), capsaicin (CAP) receptor, is expressed in sensory
neurons. Here we report that TRPV1 protein is expressed at the motor nerve
terminals and that activation of TRPV1 by CAP suppresses acetylcholine
release, in vitro. We analyzed twitch tension, spontaneous and nerve stimulus
evoked acetylcholine release from phrenic nerve diaphragm nerve muscle prep-
arations (NMP) isolated from isoflurane anesthetized adult wild type mice and
that genetically lacked TRPV1 (TRPV1-/-). When acutely applied to isolated
NMP, 1 mMCAP produced a concentration-dependent decline of twitch tension
and a significant decline in the amplitude of stimulus evoked endplate currents(EPCs) and quantal content without any effect on the miniature endplate cur-
rents (mEPCs). The suppression of nerve stimulus evoked acetylcholine release
by CAP was antagonized by capsazepine (CPZ; 10 mM), a TRPV1 antagonist.
However, CAP did not suppress phrenic nerve stimulus evoked acetylcholine
release in TRPV1/ mice. Also, CAP treatment, in vitro, interfered with the
localization of adapter protein 2 in cholinergic Neuro 2a cells. Wortmannin,
(WMN; 10 mM; non-selective phosphoinositol kinase inhibitor), mimicked
the effects of CAP by inhibiting the acetylcholine exocytosis. Our data suggest
that TRPV1 proteins expressed at the motor nerve terminal are coupled to the
exo-endocytic mechanisms to regulate neuromuscular functions.
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Neural transmission and information processing requires not only quantitative
modulation of transmitter release but also temporal coordination of the infor-
mation flow. Here we describe that the onset of synaptic exocytosis in special-
ized individual synapses can be delayed by several seconds after the start of
electrical stimulation. Hippocampal neurons from newborn rats were cultured
in vitro until they obtained functionally mature synapses. Synaptic vesicles
were fluorescently labeled using 600 pulses at 30 Hz. After thorough wash-
out synapses were destained in two consecutive stimulation cycles, where
the first served as internal control. Neurons were either treated with 1 mM
fluoxetine or control solution during the second cycle and kinetic parameters
from both cycles were compared. Mean exocytosis of FM followed roughly a
single exponential decay curve during the stimulation period. Detailed anal-
ysis, however, revealed that the general synaptic population was composed
of at least 4 kinetically distinguished subtypes. FM-exocytosis kinetics were
significantly altered by short term application of fluoxetine during the second
stimulation cycle, which decreased the number of delayed synapses by more
than 50 % and increased the speed of synaptic exocytosis significantly by
rising the percentage of fast two-component synapses. Synapses in control ex-
periments showed the opposite effects when they were stimulated in a second
stimulation cycle. Exocytosis of synapses, expressing synaptopHlourin, was
never delayed after start of stimulation. Our results suggest that the mode
of exocytosis is switched between full vesicle fusion and ‘‘kiss-and-run’’
within the same synapse. The delay of FM release could be explained by
‘‘kiss-and-run’’ type of exocytosis since the dye couldn’t leave a vesicle
through a narrow fusion pore. Both, Hþ ions and neurotransmitter molecules,
however, can leave the vesicle lumen through a pore, and therefore allow syn-
aptopHlourin to monitor exocytosis.
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Electrochemical microelectrodes located immediately adjacent to the cell sur-
face can detect spikes of amperometric current during exocytosis as the trans-
mitter released from a single vesicle is oxidized on the electrode surface.
Automated techniques are needed both to detect spikes that vary considerably
in amplitude and time course and then estimate spike parameters that quantify
the amount and time course of transmitter release. We have extended a
Matched Filter detection algorithm that scans the data set with a library of
prototype spike templates while performing a least-squares fit to determine
the amplitude and standard error. The ratio of the fit amplitude to the standard
error constitutes a criterion score that is assigned for each time point and for
each template. A spike is detected when the criterion score exceeds a
threshold and the highest-scoring template is identified. The search for the
next spike commences only after the score falls below a second, lower
threshold in order to reduce false positives. Receiver Operating Characteristic
plots demonstrate that the algorithm detects 94% of manually identified spikes
with a false-positive rate of 1%, and performs significantly better than several
commercial and ‘‘freeware’’ spike-detecting applications. Subsequently, the
time, amplitude, offset and best-fit templates are used as seed values for
non-linear curve fitting of each spike with a function consisting of an expo-
nential rise and one or two exponential decays. Using this approach, 74%
of well-separated spikes are fit with standard errors that are within two-fold
of the background noise standard deviation without any manual intervention.
The resulting fits are then used to estimate parameters of interest such as spike
area and spike width at half maximum. Supported by NIH R43MH96650 and
R01MH095046.
